Introduction
As the scaling of Si-MOSFETs has brought the device size into the deep sub-plm regime, fluctuations of various device properties have become one of the critical issues for future device technology [1] [2] .
In particular, threshold voltage variation due to fluctuations of the number and location of dopants has received great attention recently [3] [4] [5] [6] [7] . In most ca,ses, the dopant variation is studied within the framework of the conventional jellium dopant model, in which the variation of the dopant concentration at each mesh changes smoothly [3] [4] [5] [6] [3] . Figure 1 The shift of the subthreshold characteristics may be explained as follows. The electronic potential due to a localized acceptor becomes a sharp peak in the channel and the channel electrons ought to keep away from such a peak to flow from the source to the drain. In other words, the regions of electrons flowing in the channel are restricted and the channel becomes more resistive. As a result, larger gate voltages are required to suppress the potential barrier in the channel. Figure 3 shows the electronic potential configurations underneath the gate oxide in the n-MOSFET. There are three localized acceptors in this plane, which greatly restrain an electron from flowing in the channel.
Very recently, Asenov has investigated the threshold variations from the viewpoint of atomi,sti,c acceptors [7] . He has employed a simplified 3-D simulation scheme, in which the electronic current-continuity equation is decoupled with the 3-D Poisson equation. His results also show that the potential configuration inside the device is greatly inhomogeneous. Nevertheless, the averaged threshold voltage becomes slightly smaller (a: 50 mV) than that of conventional 2-D DD simulations. We believe that this contradiction comes from whether the selfconsistent treatment of the current-continuity equations is made. In fact, it is always necessary to include the selfconsistency to achieve good convergence in our simulations. However, we do not claim that the present results arc quantitati,uely correct, because of an inaccurate treat- ment of nonstationary electron transport in such ultrasmall devices, which is inherent in any DD simulations.
Conclusions
The statistical threshold fluctuations in sub-0.1 pm Si-MOSFETs have been investigated via the &D DriftDiffusion simulations with emphasis on the atomistic nature of both donors and acceptors. It has been found that the subthreshold characteristics are strongly dependent of the dopant model employed and shifted to the higher gate voltages in the case of the atomistic dopants.
